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(57) ABSTRACT 
This process involves feeding cellulose into an extruder with 
an acid solution. The extruder is comprised of a screw and 
a barrel. The screw is rotated so as to pressurize the 
cellulose, and the cellulose undergoes acid hydrolysis and 
forms microcrystalline cellulose. The invented process can 
be accomplished by using pure cellulose or a lignocellulosic 
material as the starting material. If a lignocellulosic material 
is used, then a basic solution is added to it and the ligno- 
cellulosic material is fed through an extruder so as to obtain 
a mixture comprising lignin, hemicellulose and cellulose. 
The lignin and hemicellulose are extracted and the remain- 
ing cellulose is processed, as discussed previously, to form 
microcrystalline cellulose. 
3,954,727 511976 Toshkov et al. . 28 Claims, No Drawings 
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PRODUCTION OF MICROCRYSTALLINE hammer mill. The MCC particle shape obtained after grind- 
CELLULOSE BY REACTIVE EXTRUSION ing depends mostly on the nature of the raw starting - A -
material, especially upon whether the cellulose is in its 
CROSS-REFERENCE TO RELATED native or regenerated state. 
APPLICATIONS 5 Conventional methods do not contemalate the advantage a 
This application claims priority benefits under Title 35, of using pressure and high shear forces created by an 
United States Code 5 119(e) of U.S. Provisional Application extruder to aid in performing this acid hydrolysis reaction. 
No. 601059,398, filed Sep. 19, 1997. Methods vresentlv available also have extremely harmful 
STATEMENT REGARDING FEDERALLY impacts on the environment because they require large 
SPONSORED RESEARCH OR DEVELOPMENT 10 amounts of acid and thus create significant quantities of acid 
waste. 
Not applicable. A process for producing microcrystalline cellulose is 
BACKGROUND OF THE INVENTION needed that has a shorter reaction time than previous pro- 
cesses. Furthermore, a process is needed that is a continuous 
The Present invention relates to a Process for making ls process rather than a batch-type process. Still further, a 
microcrystalline cellulose (MCC). More specifically, the process using a limited amount of acid is needed, 
present invention relates to a process where microcrystalline addition, a process that is able to produce small particles of 
cellulose is made by reactive extrusion. microcrystalline cellulose without the need for mechanical 
Microcrystalline cellulose is obtained by hydrolysis of the grinding also would be advantageous, 
amorphous portion of cellulose until a level-off degree of 20 
polvmerization (LODP) product is obtained. MCC is com- SUMMARY OF THE INVENTION 
- .  
prised of highly~crystalli~e r gions of cellulose and usually It is an object of the present invention to provide a process has a LODP of 200-300. for producing microcrystalline cellulose by means of reac- 
Microcrystalline cellulose is useful for a number of dif- 25 tive extrusion in order to provide a quicker process for 
ferent applications. Pieces of microcrystalline cellulose eas- producing microcrystalline cellulose, 
ily bond together without the use of an adhesive. Another object of the present invention is to provide a Furthermore, MCC can be mixed with other substances so as 
continuous process for producing microcrystalline cellulose to hold an additive while bonding to itself. It can be made 
so that MCC may be produced in a quick and efficient into pharmaceutical-grade tablets, such as vitamins, pain 
relievers, and other medicines. It also may be used as a 30 manner' 
substitute for starch where starch is used as a smoothener, It is a further object of the present invention to provide a 
such as in suntan lotion. process of producing MCC that uses less acid than previous 
The hydrolysis of cellulose to obtain MCC can be accom- processes so that less acid waste is created. 
plished using mineral acid, enzymes or m~croorgan~sms, Another object of the present invention is to provide a 
Although enzymatic methods are desirable because glucose, 35 P'Ocess for producing small particles of MCC so that there 
a useful bv-aroduct. is created. these methods are more is "0 need for mechanically grinding the particles produced. , L 
expensive and create MCC products having a lower crys- A further object of the present invention is to provide a 
tallinity. Thus, acid hydrolysis is the conventional method of simple, economical, and environmentall~-friendl~ process 
choice for manufacturing MCC. for producing microcrystalline cellulose so that microcrys- 
conventional methods, MCC is formed by reacting 40 talline cellulose may be created for a variety of applications. 
cellulose with acid in a batch-type reaction vessel. According to the present invention, the foregoing and 
Specifically, a large amount of acid solution is placed in a vat other objects are achieved by a Process for producing 
and then cellulose is added, Next, the acid hydrolyzes the microcrystalline cell~lose by means of reactive extrusion. 
cellulose, and MCC is formed. Such processes require 45 This Process can be a One-SteP Process if Pure cellulose is 
significantly greater amounts of acid solution than cellulose. used as a starting material and is a two-step Process if a 
When this batch-type process is complete, a large amount of lignocellulosic material is used as the starting material. 
acid solution remains. In the first step of this process, the lignocellulosic material 
Acids that can be used in this process include hydrochlo- is extruded with a basic aqueous solution in order to destroy 
ric acid, sulfuric acid, and phosphoric acid. At higher the lignocellulosic complex. The lignocellulosic complex is 
temperatures, sulfuric acid and phosphoric acid can peptize broken into lignin, hemicellulose, and cellulose. Following 
and surface modify (esterify) MCC. However, such MCC is extrusion, the lignin and the hemicellulose are extracted 
difficult to purify and does not have the same visual and with a heated basic solution, and the remaining cellulose is 
functional properties as underutilized cellulose produced washed. The cellulose can be bleached or further processed 
with hydrochloric acid. One example of using hydrochloric 55 to microcrystalline cellulose without bleaching. 
acid involves a method using 2.5N hydrochloric acid, which In the second step of this process, pure cellulose or the 
is able to specifically cleave , 1-4 glucosidic linkages. More cellulose obtained from the lignocellulosic material under- 
product can be created with such hydrochloric acid than with goes reactive extrusion. The cellulose material is fed into an 
sulfuric acid at the same conditions. However, if used at high extruder with an acid solution. The cellulose, which is 
concentrations, hydrochloric acid is a strong corrosive agent. 60 pressurized by the screw of the extruder, is hydrolyzed by 
MCC obtained by acid hydrolysis using conventional the acid. After extrusion, the resulting microcrystalline cel- 
methods has a particle size of about 200 microns, although lulose product is washed, bleached and dried. The size of the 
particle size can vary somewhat depending on the starting resulting microcrystalline cellulose particles depends on the 
material used. The MCC can undergo mechanical grinding starting material used and the extrusion conditions. 
until the particles are of a desirable-size. 65 Additional objects, advantages and novel features of the 
Mechanical grinding can be accomplished by mixing the invention will be set forth in part in the description which 
MCC with a water solution in either a blender or in a follows, and in part will become apparent to those skilled in 
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the art upon examination of the following, or may be learned This involves feeding the cellulose through the extruder 
from practice of the invention. The objects and advantages multiple times or feeding the cellulose through a sequence of 
of the invention may be realized and attained by means of extruders. For instance, it can be a two-stage acid hydrolysis, 
the instrumentalities and combinations particularly pointed thus allowing a smaller to be used, The number of 
out in the appended claims. s stages required to accomplish the acid hydrolysis depends 
DETAILED DESCRIPTION OF THE upon the size of the extruder barrel and screw. Still further, 
PREFERRED EMBODIMENT the invented process can be accomplished as either a con- 
The invented process for manufacturing microcrystalline tinuous process Or a b a t c h - t ~ ~ e  process. this 
cellulose involves the following two steps if a lignocellu- process is a continuous process. 
losic material is used as the starting material and requires Although the same chemical reaction takes place in the 
only the second step if pure cellulose is used as the starting invented process as in conventional processes, the environ- 
material. In the first step of the process, the lignocellulosic ment of the reaction is entirely different. Because of the 
material is extruded with a basic aqueous solution in order temperature of the extruder and the pressure created by the 
to destroy the lignocellulosic complex. The lignocellulosic die or screw of the extruder, the cellulose in the extruder 
complex is broken into lignin, hemicellulose, and cellulose. 15 basically melts, This allows more intimate contact between 
Preferably, the basic aqueous solution is comprised of the cellulose and the acid. As a result, the acid requirement 
sodium hydroxide having a concentration ranging from for the invented process is substantially less and, in fact, is 
12% ( ~ 1 ~ ) .  the insignificant compared to conventional batch-type processes 
the lignocellulosic material ranges from about 40% to 250% that require excess water and acid, The ratio of acid solution 
On a basis (db). the lignin and 20 to cellulose in the invented process is approximately 1:1 hemicellulose are extracted with a basic solution, and the 
whereas conventional processes may have acid solution to 
remaining cellulose is washed. Preferably, the lignin and 
cellulose ratios of between about 5 : l  and 8: l .  Still further, hemicellulose are extracted with a hot sodium hydroxide the high pressure applied by the extruder creates high shear 
solution. If desired, the cellulose, which results from the forces and allows the reaction to be accomplished in a much 
extruded lignocellulosic material, can be bleached. Bleach- 
25 shorter time as compared with conventional technology. ing can be accomplished with, for example, hydrogen per- 
oxide or sodium hypochloride, H ~ ~ ~ ~ ~ ~ ,  it is not necessary After the extrusion, the microcrystalline cellulose product 
to bleach the cellulose before further processing it into is neutralized, washed, bleached and dried. The excess acid 
microcrystalline cellulose. from the hydrolysis reaction combines with the alkaline 
The second step of the invented process involves produc- 30 stream used to neutralize the product so that all of the waste 
ing microcrystalline cellulose from cellulose, This involves from this process is Ileutralized before it is 
breaking a large cellulose molecule into smaller molecules, the stream is the basic 
If pure cellulose is used as the starting material, then this is solution used in breaking down the lignocellulose into 
the only step necessary for the invented process, This step and lignin. preferably, the microcrystalline involves a hydrolysis reaction where an acid acts as a 35 cellulose product is neutralized with sodium hydroxide. 
catalyst for the hydrolysis. An acid solution is sprayed or If the starting product is Pure cellulose, then there is no 
poured on a cellulose-containing material, and then this lignin waste, and all that must be done after the hydrolysis 
acid-covered cellulose is fed through an extruder, the to complete the process is neutralization. However, if dirty 
alternative, cellulose and an acid solution are simultaneously material such as corn cobs is used, then a washing step must 
fed into an extruder. Preferably, the moisture content of the 40 be done to wash out the lignin. A conventional b a t c h - t ~ ~ e  
cellulosic material before extrusion is in the range of about Process requires about 60% more washing than the continu- 
40% to 250% on a dry basis (db). Preferably, a strong acid OUS Process of the Present invention, which involves using 
such as hydrochloric acid, sulfuric acid, or nitric acid is an extruder. 
used, and that acid has a concentration of about 1 to 5% Next, the neutralized and washed product is bleached. The 
(wlw). Most preferably, sulfuric acid having a concentration 45 final product can be bleached with sodium hypochloride or 
of between about 1.5 and 2.5% (wlw) is used. It is desirous hydrogen peroxide. Preferably, if sodium hypochloride is 
to use sulfuric acid because it is less corrosive than other used, it has a concentration of about 5.25% (wlw), and if 
strong acids yet is still quite effective because of the aggres- hydrogen peroxide is used, it has a concentration of about 
siveness of the extrusion process. 9.30% (wlw). However, if pure cellulose is the starting 
Since there are different heating zones on an extruder, so material, then it is not necessary to go through the bleaching 
different heating regimes may be used. Both the barrel and step since the pure cellulose is already pre-bleached. In 
the die of the extruder can be heated or one can be heated or contrast, if a cellulosic material such as corn cobs is used, 
neither can be heated. Different heating regimes, especially the MCC product must be bleached in order to obtain a white 
with respect to the second step of the invented process, affect product. 
the resulting particle size of the MCC product. Preferably, in 5s After being bleached, the product is dried. The invented 
the first step where cellulose is obtained from lignocellulosic process, which involves using an extruder, has a lower 
material, the extruder barrel and die temperatures for this drying time because it requires less washing and because the 
first step range from about 90" C. to 200' C. Most process need not be stopped to allow for drying time. Aspray 
preferably, the temperature of the extruder in the first step is dryer may be used in commercial applications to dry the 
between about 140" C. and 170" C. Preferably, in the second 60 microcrystalline cellulose product of the present invention. 
step where cellulose is hydrolyzed to form MCC, the tem- A spray dryer is comprised of a vertical cylinder with a 
perature of the extruder barrel during this step ranges from conical bottom. The spray dryer has a nozzle that sprays a 
about 80" C. to 200' C. and the die is not heated. Most slurry of MCC into the spray dryer and a hot air stream that 
preferably, the temperature of the barrel in the second step sprays into the spray dryer. Typically, the hot air enters at the 
is approximately 140" C. 65 bottom of the chamber and is sprayed upward. The MCC 
The second step of the invented process, the acid hydroly- particles are atomized so that the hot air of the spray dryer 
sis step, can be accomplished in multiple steps if desired. is able to contact more surface area of the MCC. The spray 
US 6,228,213 B1 
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dryer needs to be at a temperature higher than about 100" C. tals is 220 whereas the LODP of the cellulose in rayon-tire- 
so as to evaporate the water. The hot air stream of the spray cord microcrystals is only about 30, and wood-cellulose 
dryer must have a velocity that is less than the terminal forms larger MCC particles. Microcrystalline cellulose 
velocity of the MCC so as not to carry the particles. The obtained from using corn cobs as the source of cellulose has 
spray dryer used in the process is a conventional spray dryer. s a smaller particle size than that obtained from wood- 
The MCC product is not altered by the heat of the spray cellulose, and MCC produced from soybean hulls has an 
dryer. even smaller size. Different cellulose sources also affect the 
Microcrystalline cellulose can be made from any material crystallinity of the MCC. 
that is high in cellulose. Although cellulose is in all plant Reactive extrusion is an environmentally-friendly process 
matter, plants having higher cellulose concentrations are 10 because the waste product is virtually non-existent when the 
especially desirable. Pure cellulose, commercial-grade cel- starting material is pure cellulose. Still further, if corn cobs 
lulose or a lignocellulosic material can be used in the process or soybean hulls are used, the process is environmentally- 
of the present invention. Examples of lignocellulosic mate- friendly in that a use is being found for recycling such waste 
rials that can be used include wood, cotton, or agricultural products. 
residues such as soy bean hulls, oat hulls, rice hulls, corn To be marketable, tablets made out of microcrystalline 
cobs, corn stalks, bagasse, wheat straw, barley straw, oat cellulose must be somewhat break resistant. In other words, 
straw, and sugar beet pulp. If these lignocellulosic materials they must be able to be dropped from a certain height 
are used as a source of cellulose, preferably, they are without breaking. Nevertheless, these tablets must be able to 
chopped up and processed into a powder before being used. dissolve in one's stomach within approximately 20 minutes 
Any extruder screw design may be used in the invented 20 after being ingested. The MCC product made by the reactive 
process. Different screws may be selected to obtain different extrusion process of the present invention can be made into 
desired compression ratios. Preferably, the extruder has an tablets that meet these requirements. 
acid-resistant barrel and screw, and the extruder screw has a The extrusion process discussed above was scaled up to 
compression ratio of between approximately 1.5:l and 3:l.  determine its usefulness in commercial applications. It was 
Most preferably, the compression ratio is about 3:l .  Also, 25 found that any type of screw also worked in the scaled-up 
different screw configurations provide different types of process. In addition, it was found that the scaling-up of this 
mixing. Some examples of screw designs include those with process did not affect the product produced by this process. 
no mixing sections, one mixing section, and two mixing The following is an example of a scaled-up process for 
sections. There is not a significant difference between mix- producing microcrystalline cellulose which is within the 
ing versus non-mixing designs as used in the present inven- 30 scope of this invention. This example is not meant in any 
tion. way to limit the scope of this invention. 
Still further, MCC can be manufactured by using single or Extrusion of Corn Cobs on a Commercial Scale Single 
twin screw extruders. If a single screw extruder is used, it is Screw Extruder. 
preferable that it has a single mixing zone, a 1.5:l compres- 35 
~n ~ ~ ~ t ~ - p ~ ~  R 2000 commercial single screw extruder 
sion ratio screw, and a non-heated die attachment. Single (capable of processing 2000 pounds per hour) was used to 
screw extruders also may be used in the first step of the manufacture microcrystalline cellulose (MCC) from corn 
invented Process, such as for breaking the lignocellulose cobs on a commercial scale process. During the first step, 
complex of soybean hulls and corn cobs wherein cellulose corn cobs were extruded in the extruder with a water 
may then be recovered by alkali extraction. One particular 40 Solution of sodium hydroxide in order to destroy the ligno- 
example of an acceptable lab-scale apparatus is a Brabender cellulosic complex, ~h~ concentration of the sodium 
single screw extruder (Model 2003 GR-8) which may be hydroxide was 10% wlw of the dry weight of the corn cobs, 
obtained from C. W. ~rabender  Instruments, Inc., a German and the initial moisture content was in the range 50 (db). The 
owned company, located in South Hackensack, N.J. An preheating before extrusion with direct steam injection 
example of a commercially acceptable extruder is the Insta- 45 resulted in moisture content increased with 10 db, ~h~ 
Pro R Zl00 extruder, which may be obtained from Tripe F temperature of the first section of the extruder reached 200" 
Manufacturing located in Des Moines, Iowa. F. In the second section of the extruder, the temperature was 
Although a single screw extruder performs adequately for 250" F. This extruder did not have a heating jacket but was 
the above mentioned purposes, preferably, a twin screw heated through mechanical friction. After the extrusion, the 
mixer is used. A twin screw mixer provides a more stable lignin, lipids and the hemicellulose were extracted with hot 
flow, easier feeding, and better control over the process. This water and the remaining cellulose was washed ten times. 
is attributed to the positive pumping effect and lack of The cellulose was then dried. The yield of the cellulose from 
compression caused by the twin screw mixer. the corn cobs was 39.48% db. 
The size of the microcrystalline cellulose particles MCC was produced by extrusion of the cellulose with a 
obtained through this process depends mostly on the source 5s sulfuric acid solution in an Insta-Pro R 2000 commercial 
of the cellulose used and to some extent on the conditions of single screw extruder. The concentration of the sulfuric acid 
the acid hydrolysis. MCC particles that are considerably was 2.0 (wlw), and the moisture content of the material 
smaller than 200 microns can be created by the process of before extrusion was 60% (db). The temperature of the first 
the present invention. Generally, harsher hydrolysis section of the extruder was 200" F. and of the second section 
conditions, such as higher temperatures and higher acid 60 was 230" F. The resulting MCC was washed, bleached and 
concentrations, allow the creation of MCC having a smaller dried in a spray dryer. The yield of MCC was 70% of the 
particle size. The speed of the extruder screw (rpm) also cellulose. 
affects particle size. Increased mixing increases the hydroly- From the foregoing, it will be seen that this invention is 
sis and decreases the resulting particle size of the MCC. one well adapted to attain all the ends and objects herein- 
Furthermore, the size of the MCC corresponds approxi- 65 above set forth together with other advantages which are 
mately with the measured LODP of the starting material. For obvious and which are inherent to the process. It will be 
instance, the measured LODP of wood-cellulose microcrys- understood that certain features and subcombinations are of 
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utility and may be employed without reference to other extracting said lignin and said hemicellulose from said 
features and subcombinations. This is contemplated by and cellulose; 
is within the scope of this invention. Since many possible washing said remaining cellulose; 
embodiments may be made of the invention without depart- adding an acid solution to said cellulose; and 
ing from the scope thereof, it is to be understood that all s feeding said cellulose and said acid solution through an 
matter herein set forth is to be interpreted as illustrative and extruder, wherein said cellulose undergoes acid 
not in a limiting sense. hydrolysis and forms microcrystalline cellulose. 
We claim: 16. A process as in claim 15, further comprising: 
A process for producing microcrystalline mixing the said basic solution with the said acid solution 
comprising: before disposing of said solutions. 
adding an acid solution to cellulose; and 17. A process as in claim 16, further comprising: 
feeding said cellulose and said acid solution through an neutralizing said microcrystalline cellulose; 
extruder, wherein said cellulose undergoes acid washing said microcrystalline cellulose; 
hydrolysis and forms microcrystalline cellulose. bleaching said microcrystalline cellulose; and 
2. A process as in claim 1, wherein said acid is added to Is  drying said microcrystalline cellulose, 
said cellulose while said cellulose is fed through said l a ,  A process as in claim 17, wherein said microcrystal- 
extruder. line cellulose is bleached with a sodium hypochloride solu- 3.  A process as in claim 1, wherein said cellulose has a tion or a hydrogen peroxide solution, 
moisture content in the range of about 40% to 250% on a dry 20 19, A as in claim 17, wherein said microcrystal- basis (db) before extrusion. line cellulose is dried by using a spray dryer. 4. A process as in claim 1, wherein said process is a 20, A process as in claim wherein said acid is added 
continuous process. to said cellulose while said cellulose is fed through said 5. A process as in claim 1, wherein said cellulose is fed extruder, 
through said extruder multiple times. 21. Aprocess as in claim 15, wherein said lignin and said 6. A process as in claim 1, wherein said cellulose is fed 2s hemicellulose are extracted with a hot sodium hydroxide 
through a sequence of extruders. solution. 7 .  A process as in claim 1, wherein said acid solution is 22, Aprocess as in claim wherein said lignocellulosic 
comprised of sulfuric acid, hydrochloric acid, or nitric acid. material is wood, cotton, soy bean hulls, oat hulls, rice hulls, 
AprOcess as in 'laim wherein the concentration of 30 corn cobs, corn stalks, bagasse, wheat straw, barley straw, 
said acid solution is about 1 to 5% (wlw). oat straw, or sugar beet pulp. 9. A process as in claim 1, wherein said extruder is 23, A process as in claim wherein said extruder is 
comprised of a barrel and the temperature of said barrel is comprised of a barrel and the temperature of said barrel is between about 90" C. and 200" C. between about 80" C. and 200" C. while the lignocellulosic 10. A process as in claim 1, wherein said extruder is 3s material is fed through said extruder, 
comprised of a screw and said screw has a compression ratio 24, A process as in claim wherein said extruder is between approximately 1.5:l and 3:l. comprised of a barrel and the temperature of said barrel is 11. Aprocess as in claim 1, wherein said extruder is a twin between about 900 C, and 1800 C, while said cellulose 
screw extruder. undergoes said hydrolysis. 12. A process as in claim 1, wherein the ratio of amount 25, A process as in claim wherein said extruder is 
acid solution to cellulose used in the process is approxi- 40 comprised of a screw and said screw has a compression ratio 
mately 1: l .  between approximately 1.5: 1 and 3: 1. 13. A process as in claim 1, further comprising: 26. A process as in claim 15, wherein said extruder is a 
neutralizing said microcrystalline cellulose. twin screw extruder. 
14. A process as in claim 1, wherein said extruder is 4s 27, A process as in claim 15, wherein the ratio of acid 
comprised of a screw and a barrel and wherein said screw is solution to cellulose is approximately 1:1, 
rotated so as to pressurize said cellulose before it undergoes 28, A process for producing microcrystalline cellulose, 
hydrolysis and forms microcrystalline cellulose. comprising: 
15. A Process for producing microcr~stalline cellulose extruding cellulose at an elevated temperature and pres- 
from a lignocellulosic material, comprising: so sure; and 
adding a basic solution to a lignocellulosic material; hydrolyzing said cellulose to form microcrystalline cel- 
feeding said lignocellulosic material and said basic solu- lulose. 
tion through an extruder so as to obtain a mixture 
comprising lignin, hemicellulose and cellulose; * * * * *  
